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Structure and Properties of Eigensolutions of a Taut String with a Lumped

Damping at a Unit—Fraction—Span
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[ Co—constructing State Key Laboratory of Mountain Bridge and Tunnel Engineering by Province and Ministry (Chongqing Jiaotong Uni-
versity) , Chongqing 400074, China ]

Abstract: For the cable-damper system, the algebraic form of the transcendental frequency equation of the sys-
tem is derived when the damper is located at a unit—fraction—span (1/n span of the cable). According to the funda-
mental theorem of algebra, the structure of the eigensolutions of the system is discussed, and the properties of the so-
lution are analyzed with four examples. The results show that: 1) The eigensolutions can be divided into n—1
branches. 2) Within one solution branch, all eigenvalues take an identical value in their real part (as an additive in-
verse of the logarithmic decrement ratio per unit time) , while their imaginary parts (meaning in physics, the fre-
quency) form an arithmetic sequence. 3) According to the way that the frequencies vary with the damping, the solu-
tion branches can be classified as three types: The frequency of type 1 solutions is related on damping; The fre-
quency of type 2 solutions is not affected by damping. The frequency of type 3 solutions may or may not vary with the
damping, which means that a type 3 solution may behave like a type 1 or a type 2 solution, depending on the damp-
ing is under or over some certain critical value.
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Fig.1 A tension string with a lumped damping
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Fig.2 The taut string with a lumped damping at midspan
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Fig.5 The taut string with a lumped damping at one—fifth—span
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